Background: Prevention strategies for pressure ulcer formation remain critical in patients with an advanced illness. We analyzed factors associated with the development of pressure ulcers in patients hospitalized in a palliative care ward setting. 
Introduction
Pressure ulcers represent a frequent and significant challenge for medical, nursing, and social care systems among the elderly, disabled, and other patient populations. [1] [2] [3] [4] [5] [6] Deterioration of physical, psychological, and social health due to pressure ulcers within susceptible patients is often devastating 7, 8 and increases the risk of death. 9 While prolonged skin pressure, shear stress, and/or friction are primary causal factors leading to ulcer formation, variability of pressure ulcer risk factors, prevalence, incidence, and prognosis have been observed in different patient populations. [1] [2] [3] Advanced chronic illness, defined 38 sternal et al as patients receiving supportive and palliative care, 10 combined with nutritional deterioration, weakness, immobility, and skin alterations, is particularly associated with the risk of pressure ulcer development. 1, 3, 10 Excessive skin moisture, urine or fecal incontinence, and urinary catheterization are other factors that have previously been shown to increase pressure ulcer incidence in terminally ill patients. 3 Major surgery may contribute to increased formation of pressure ulcers in patients with colorectal cancer. 11 Advanced age, alterations to sensory perception, body temperature alterations, as well as poor general and mental health are conditions that can augment the individual risk for pressure ulcer development. 3 Pressure ulcerations may result from impaired tissue perfusion and oxygenation as sequelae of general health-related conditions 12 or local factors (peripheral vascular disease, diminished skin vascular density). 13 Ischemia-reperfusion injury is an additional major component that participates in cutaneous necrosis.
14 Wound formation is followed by inflammation that may cause further perfusion deterioration 15 and impair wound healing if uncontrolled. 16 Infection is a common, potentially serious pressure ulcer complication with local and systemic effects. 17 Nearly all individuals in palliative care are susceptible to pressure ulcer development; thus, risk assessment and prevention strategies are strongly recommended. 3 Pressure ulcer prevention is an essential component of palliative care for maintaining patient quality of life.
1 Prevention of pressure ulcer formation has been shown to be a cost-effective endeavor. 18, 19 Studies have shown that treatment costs of severe pressure ulcers are significantly higher than prevention strategy implementation. 2, 20 In addition, the lack of effective pressure ulcer formation prevention strategies may expose providers to financial liability. 21 While there is an increased understanding of the conditions associated with pressure sore development among palliative care patients, the need for further investigations on this important topic has been raised. 10 Many of the prevention strategies that have been previously described focus on outpatient and acute hospital settings. However, inpatient pressure ulcer prevention strategies remain critical for respite care among palliative patients. 1 Our objective was to analyze factors associated with the development of pressure ulcers in hospitalized patients with advanced illness.
Patients and methods study design
This study was a retrospective analysis of factors that influence pressure ulcers in patients with an advanced illness based on medical records of the Palliative Care Unit of Independent Public Healthcare Railway Hospital in Wilkowice-Bystra, Poland.
Patients
The analysis included 329 consecutive patients admitted to the Palliative Care Department between July 2012 and May 2014, with a mean age (± standard deviation) of 70.4±11.8 years (range: 30-96 years, median 70.0). Of the patients admitted, 55.3% were women and 44.7% were men.
Procedures
Patient diagnosis, treatment, and care were in accordance with hospice care standards of the Ministry of Health and the National Health Fund of Poland. Prevention strategies were applied uniformly and consistently to all patients ( Table 1) . As part of standard operating procedures, patient admissions were subject to standardized history taking, physical examination, functional assessment, and laboratory tests. In addition, assessment of nutritional status and acute and chronic pain with emphasis on cancer pain was applied. Functional assessment included the Barthel index. 22 Blood tests included complete blood count, electrolytes, uric acid concentration, and arterial blood gas analysis. The patients were evaluated daily, and blood tests were repeated according to clinical indications. Sodium and potassium were assessed several times during hospitalization. Within 2 hours of admission, the risk of decubitus pressure ulcer formation was assessed using the Waterlow scale, 23 assessed daily and the mean calculated. Waterlow scale is scored from 0 to 64. Waterlow scores $10 indicate increased risk of pressure ulcer development, $15 a high risk, and $20 a very high risk.
Patients were classified according to decubitus pressure ulcer development: group A included patients who avoided pressure ulcer development, group B included patients admitted to the ward with pressure ulcers, and group C included patients who developed pressure ulcers in the ward.
Analysis
Data were analyzed using Statistica version 10 (StatSoft, Inc., Tulsa, OK, USA). Chi-square test, V-square test, and Fisher's exact test were used for categorical variables and nonparametric Mann-Whitney U test was used for quantitative variables to compare patients who developed decubitus pressure ulcers during hospitalization with those who did not. Multivariate binary logistic regression was performed to assess measures associated with decubitus pressure ulcer development: separately for parameters assessed at admission and for mean values of parameters measured serially during hospitalization The Kaplan-Meier method was used to estimate probability of pressure ulcer-free hospitalization in subgroups of patients in respect to selected variables, while differences between these subgroups were assessed with the Gehan's Generalized Wilcoxon statistic. Variables were tested to define the value corresponding with the lowest P-level. P-values ,0.05 were considered statistically significant.
ethics
The study protocol was registered with and approved by the Bioethical Committee of the Regional Medical Chamber in Bielsko-Biala (Komisja Bioetyczna Beskidzkiej Izby Lekarskiej w Bielsku-Bialej, Letter No 2014/07/17/7 July 17th 2014). Since our study is a retrospective analysis, patient consent for medical record review was not required by the Bioethical Committee.
Results
Patients were hospitalized for a mean of 24.8±31.4 days, ranging from 1-310 days (median 14 days). A total of 256 patients (77.8%) died in the ward, while 73 (22.2%) were discharged. In total, 313 patients (95.1%) suffered from cancer: lung cancer (21.3%), colorectal cancer (11.6%), breast cancer (6.1%), brain cancer (5.8%), stomach cancer (5.8%), and other cancer (44.5%). Sixteen patients (4.9%) were admitted because of non-oncological diseases, mostly (13 patients, 4.0%) because of severe chronic heart failure. Two hundred and six patients (62.6%) did not develop pressure ulcers during their stay in the ward (group A), 84 patients (25.5%) were admitted to the ward with pressure ulcers (group B), and 39 patients (11.9%,) developed pressure ulcers while in the ward (group C). Group C and group A (as a control) were included in further analysis (Figure 1 ). Compared to patients who did not develop pressure ulcers during hospitalization (group A), patients who developed pressure ulcers (group C) presented more frequently with colorectal cancer, higher body mass reduction within 6 months, a longer period of physical deterioration, longer pre-admission nursing home residency, lower systolic and diastolic blood pressure, lower hemoglobin level, and higher 23 ) at admission for all patients using a standardized individual patient questionnaire 2. regular pressure ulcer risk reassessment once a week or more frequently if patient state deteriorates 3. Collaboration with the therapeutic team to determine the optimal management of each patient 4. Additional pressure ulcer prevention strategies applied if the Waterlow scale score $10 points 5. Yearly analysis and review of pressure ulcer development statistics and assessment of prevention strategy effectiveness 6. regular staff training focused on pressure ulcer risk assessment and pressure ulcer prevention and treatment 7. Patient and caregiver education (including adequate hydration, feeding, dressing, and physical activity maintenance) II. Management of increased pressure ulcer risk 1. Patient mobility and frequent body position adjustment is encouraged 2. Proper body positioning and turning at least every 2 hours if patient mobility is impaired 3. Appropriately lifting and moving patients with sufficient personnel to avoid injury 4. Utilization of pressure-reducing or pressure-relieving devices (eg, alternating pressure mattress) 5. Instructing and assisting patients to shift their weight at least every 30 minutes when using a wheel chair 6. skin inspection during assisted body positioning and bathing 7. gentle skin bathing (once a day and when needed, mild hypoallergenic soap, skin folds, and opposing skin surfaces; thorough drying of skin with special attention given to skin folds; application of moisturizing lotion or emollient) 8. Patients given soft cotton or linen underwear and clean, dry, wrinkle-free bed linen, which is replaced when necessary 9. effective skin protection from contact with urine and feces 10. Adequate hydration and feeding (with a focus on proper protein intake) 11. Individualized rehabilitation programs, including physiotherapy, for maintenance of mobility 12. Continued patient and caregiver education aimed at patient mobility and cooperation (Table 2) . Patients directly transferred from other hospital wards presented with lower Barthel index scores (29.8±24.8 vs 40.0±25.6 points, P=0.001). Individuals who were not transferred directly from other hospital wards had higher probability of decubitus pressure ulcer-free hospitalization (P=0.003) as did those with systolic blood pressure $110 mmHg (P,0.001), Waterlow scores ,27 points (P,0.001), and Barthel index scores $25 points (P=0.003) (Figure 2) , as well as those with a mean evening body temperature ,37°C, lowest recorded hemoglobin level $11.4 g/dL, highest recorded white blood cells ,13.9 G/L, and lowest recorded sodium level .134.5 mmol/L (Figure 3) 
Discussion
Our study analyzed the risk factors of pressure ulcer formation in a heterogeneous group of patients with an advanced illness, with a mean age of 70.4 years and a median age of 70.0 years, hospitalized at a palliative care unit. Most patients passed away in the unit and only a fifth of the patients were discharged. A majority of the patients suffered from advanced cancer and a minority from other advanced illnesses, mainly chronic heart failure. These conditions are associated with a risk of pressure ulcer formation. 10 The Waterlow scale 23 was used to assess the risk of pressure ulcer development. Although its predictive value was found to be limited, 24, 25 it is still recommended for pressure ulcer risk assessment. 26 We observed greater pressure ulcer incidence with colorectal cancer, accelerated body mass reduction during the last 6 months, longer periods of physical deterioration, and longer pre-admission nursing home residency. Further multivariate logistic regression analysis identified four independent factors predictive of pressure ulcer formation at admission: direct transfer from hospital ward, high Waterlow score, low hemoglobin level, and low systolic blood pressure at admission. Pressure ulcer development and the association with direct transfer from other hospital wards may be due to the poorer general health status of such patients, who were most likely referred to the Palliative Care Department because of an advanced illness. Low hemoglobin levels may be both a symptom of more advanced disease and a cause of diminished tissue oxygenation. Similarly, blood pressure tends to decrease with chronic disease progression, 16 and hypotension may be associated with decreased peripheral tissue perfusion. It is worth noting that hypertensive patients suffering from comorbid chronic diseases are often treated with antihypertensive agents despite very low blood pressure in the context of advanced chronic diseases. Multivariate logistic regression analysis also allowed identification of five other factors assessed during hospitalization and associated with the pressure ulcer formation. We observed that elevated mean evening temperature was a measure associated with pressure ulcer formation. Hyponatremia was not previously considered a factor associated with pressure ulcer formation in patients with advanced diseases. However, there is increasing evidence that the lowest recorded serum sodium level, or hyponatremia, is associated with poorer prognosis in different groups of patients irrespective of underlying disease. Decreased sodium levels, within the normal sodium range, were associated with increased major cardiovascular events and mortality in elderly men without previously diagnosed cardiovascular disease. 27 Hyponatremia in patients after acute myocardial infarction was shown to be an independent predictive factor for increased long-term mortality. 28 Among internal medicine department inpatients, hyponatremia was associated with increased 30-day and 1-year mortality, regardless of underlying disease. In addition, a decrease of serum sodium from 139 to 132 mmol/L was shown to correlate with an increased risk of death. 29 Hyponatremia was also found to increase the risk of falls 30 and fractures. 8 Our observations suggest that decreased serum sodium is a factor in increased pressure ulcer development risk. It could be assumed that hyponatremia is an index of progressive deterioration in patients with advanced illnesses, which also lowers blood pressure, skin turgor, and peripheral tissue perfusion. This finding needs further study as it may have important implications for the care of patients with advanced illness.
Hyponatremia in terminal patients has been associated with a wide range of detrimental symptoms and signs. 31 Establishing the etiology of hyponatremia is essential for treatment. Serum sodium levels are dependent on fluid balance. Low serum sodium levels may be caused by inadequately low sodium intake (dietary restrictions, low sodium content in intravenous fluids), excessive sodium wasting (vomitus, diarrhea, cerebral salt-wasting syndrome [CSWS]), and excessive water retention (syndrome of inappropriate secretion of antidiuretic hormone [SIADH], heart, or renal failure). 32, 33 Both diagnosis and treatment of disorders 
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Pressure ulcers in palliative ward patients responsible for hyponatremia may be difficult in a palliative patient. A majority of palliative patients suffer from cancer with comorbid conditions. Consequently, hyponatremia in terminal patients is frequently of complex multi-factorial and multi-etiological origin. 34, 35 If hypothyroidism or adrenal insufficiency is diagnosed, hormone replacement therapy is indicated. Cancer (especially of the lung, breast, head, and neck) is frequently associated with SIADH or (less frequently) CSWS. Hyponatremia secondary to congestive heart failure, renal insufficiency, or liver cirrhosis may be resistant to treatment. 32 Importantly, a review of pharmacological agents, in terms of potential adverse drug reactions, is warranted. Modification of medications should be implemented where appropriate and feasible. Hyponatremia and low blood pressure may be induced by multiple drugs used frequently in palliative patients, including diuretics, selective serotonin reuptake inhibitors, opioids, antiepileptic drugs, neuroleptics, and sulfonylurea derivatives. 36 Clinicians must practice vigilance when determining appropriate pharmacological and fluid therapy for terminal patients with multiple conditions in order to avoid the development of hyponatremia. As such, introduction of early medication and dietary (sodium intake) review should be initiated for terminal patients. Such consideration may prove helpful in avoiding serious complications caused by hyponatremia in palliative care patients.
The retrospective nature of this study limited the range of collected data and lacked predefined regular procedures in patient monitoring. In addition, bacteriological cultures were not taken in the patient population studied. Despite these limitations, it seems that our study added new information of potential significance for the prevention of pressure ulcer development in hospitalized patients with advanced illness.
Conclusion
Hyponatremia and low blood pressure may contribute to pressure ulcer formation in patients with advanced illness.
